Increasingly, urban rail transit (URT) is seen as a desirable solution for transportation challenges faced by both urban planners and residents of suburban areas alike. The availability and ease of access to URT, in turn, may result in distortions in local real estate markets. The conventional wisdom, in fact, suggests that construction of urban rail lines serves as a magnet for new housing development and, in turn, can lead to increases in property values in proximity to URT stations. Existing studies have, in good measure, confirmed this belief, but largely on the basis of global area studies that can often mask locally differentiating factors affecting housing prices. Using data from the City of Ottawa, this study seeks to move beyond such analyses by using spatial regression and mapping techniques that reveal that the relationship between URT stations and housing prices is far more complex than is commonly believed. The study demonstrates that while at the macro-level housing prices do vary positively with proximity to URT stations, the relationship is spatially dependent and may be affected by factors unique to specific locales.
Introduction
Urban rail transit 1 (URT) is an increasingly important feature in major cities insofar as it provides effective transportation to work, leisure activities, and shopping for citizens, particularly in suburban areas (Hess and Almeida 2007) . There are also considerable cost savings accruing to transit users due to the reduced need for personal vehicles, as well as the satisfaction of knowing that one has contributed to positive environmental outcomes. As a consequence, there is often a desire to reside in proximity to URT stations, which provide easy access to the central business district (CBD) and other distant parts of the city.
To date, a number of studies have demonstrated a relationship between proximity to URT and property values (see, for example, Bowes and Ihlanfeldt 2001; Chen et al. 1998; Hess and Almeida 2007; Nelson and McCleskey 1990; Ryan 1999) . For the most part, these have confirmed a conventional wisdom that suggests that residing near URT stations can have a positive impact on property values. In a limited number of studies, however, the reverse has been shown; that is, living too close to URT lines may actually depress housing prices under certain circumstances, owing to inconveniences associated with construction and or operation of suburban trains (see, for example, Landis et al. 1995; Nelson 1992; Ryan 2005) .
Using advanced spatial regression techniques in combination with detailed mapping and employing a broad range of data from multiple sources, this study seeks to bring clarity to this debate by examining the effect of proximity to URT stations on property values in the city of Ottawa, Canada. In accord with virtually all studies on the topic to date, the study reveals URT location to, indeed, be a sound predictor of housing prices. It is also one, however, that is spatially defined and operates in a somewhat more complex fashion than the existing literature would suggest. Specifically, the research demonstrates that both positive and negative impacts of proximity to URT stations on housing prices are in evidence within the same sampling frame, largely dependent upon spatial location along URT lines.
Current Research on URT Location and Housing Prices
For this study, 22 analyses conducted between 1973 and 2010 focusing on the relationship between URT location and housing prices were examined. The vast majority of studies were conducted in the United States, some involving multiple cities. About one-quarter were undertaken in other countries, primarily in Asia, with one each in Europe and Latin America. Only two academic studies examining the relationship between the two variables in the Canadian context-both conducted prior to 1985-were discovered, both focusing on the city of Toronto.
Overall, this body of research has presented somewhat divergent tendencies. For the most part, studies have shown a negative relationship between housing prices and distance to the location of URT stations. In other words, housing prices tend to decline the farther away from the station the housing property is located. Studies conducted in Boston, Atlanta, Chicago, Portland, and Washington (Baum-Snow and Kahn 2000) , Atlanta (Bowes and Inlanfeldt 2001; Nelson and McCleskey 1990) , Buffalo (Hess and Almeida 2007) , Dallas (Clower and Weinstein 2002) , Philadelphia (Slater 1974 ), Portland (Al-Moasind et al. 1993 Dueker and Bianco 1999; Chen et al. 1998) , San Diego (Duncan 2008) , San Francisco (Weinberger 2001) , Bangkok (Chalermpong 2007) , Seoul (Bae et al. 2003) , and Shanghai (Pan and Zhang 2008) all affirm this relationship at varying levels of strength. The two studies undertaken in Canada are similarly in accord. A study by Dewees (1976) found that site values increased within one-third mile of transit stations, while Bajic (1983) found that in an around the Spadina surface metro route, housing prices increased by approximately $2,200, on average.
In other cases, however, findings have been less conclusive. In Landis et al.'s (1995) four-site examination of San Diego, San Francisco, Sacramento, and San Jose, the relationship between housing prices and distance to URT stations was both negative and positive, suggesting that, in some cases, there is a definite downside to living near transit rail lines, possibly associated with noise pollution and visual esthetics. Similarly mixed results were reported by Nelson (1992) for Atlanta, Ryan (2005) for San Diego, and Munoz-Raskin (2010) for Bogotá.
To some extent, the methodologies employed by these studies may have precipitated this mixed outcome. For the most part using a hedonic model applied to the entire study area, the results almost invariably indicate a single rate of change for property values at increasing distances from URT stations (see, for example, Duncan 2008; Lewis-Workman and Brod 1997; Pan and Zhang 2008) . The models thus assume a stationary relationship between the housing prices and other possible explanatory variables across the board. In fact, any number of factors in addition to URT location may affect housing prices differentially in varying locations (see Bae et al. 2003; Hess and Almeida 2007; Munoz-Raskin 2010) . This, in turn, suggests that property values likely can and do vary from one station to another, and that the rate of change over distance may also vary accordingly-all pointing to the fact that any relationship that is non-stationary over space will not be modeled particularly well by a single parameter estimate and, indeed, this global estimate may be locally very misleading (see Fotheringham et al. 2002) .
Some of the attendant challenges demonstrated by these more limited studies may have been abated had they used a mapping approach in their analyses. In fact, while many do present maps, these are used almost exclusively for reference purposes only (Hess and Almeida 2007; Munoz-Raskin 2010; Pan and Zhang 2008; Zhang et al. 1998 ). 2 For the most part, presentation of results is restricted to charts and graphs. While helpful, given the possibilities for relationship variance cited above, they simply cannot visualize a spatial relationship effectively enough to catch these.
The primary contribution of this case study to the literature is to bring advanced multiple regression and spatial techniques to a more sophisticated level of understanding of the relationship between housing prices and URT station locations. What it reveals, beyond the basic understanding of the relationship posited within the literature, is that conclusions based on global trends within regions often obscure different, and sometimes opposing, tendencies within defined localities. In revealing these hidden patterns, the study thus provides not only a methodology for future study of this issue, but tools of potential interest and use to urban planners.
Data and Methodology
The research undertaken for this study was conducted in Ottawa, Canada, located on the south bank of the Ottawa River. Ottawa is Canada's capital city, with a large government employment sector and in the heart of a metropolitan region with a population of approximately 1,000,000. The City's URT line-known as the O-Train-was officially launched in 2001 (Sebree 2002) . Currently, the O-Train runs along an eight-kilometer section of track originally constructed by the Canadian Pacific Railway for freight use (Transport Canada 2008) . The line extends between the Bayview and Greenboro districts of the city, passing through industrial areas, shopping districts, and more densely-populated neighbourhoods (Transport Canada 2008). The O-Train and URT, in general, have also been subject to a series of studies undertaken by Transport Canada (2008) A large number of sources were used in carrying out the research for this study. The reference data were collected from several sources. The road and rail network information was obtained from the 2003 Ottawa Topographic Mapping dataset maintained by the Serge A. Sauer Map Library at the University of Western Ontario (Ottawa 2003) . The land use features were obtained from a secure website database that is distributed through the University's library system (Western 2010) . Key points of interest in the city were determined from the results of an O-Train survey conducted in 2002 (Leclair 2002) . 3 Population change and public transit-related population attributes, defined at the census tract (2,500-8,000 inhabitants) and dissemination area (400-700 inhabitants) level, were obtained from Statistics Canada (Statistics Canada 2006a , 2006b . Reference information from these various sources was plotted using a geographic information system (GIS) developed for the purpose of this study.
Data related to the primary variables under consideration were obtained from two sources. The O-Train route was obtained from the City of Ottawa website (City of Ottawa 2010) as well as reports prepared by the City of Ottawa (see McCormick Rankin Corp. and Delcan 2008) . The exact locations of the O-Train stations were identified on Google Maps and then plotted on maps developed for this study. Distance datasets were calculated using GIS-based measurements of the distance (in meters) from each property by street route to the nearest O-Train station. Straight-line distance measurements to several significant "neighborhood" features including water bodies, park land, and the points of interest that were defined previously were included as well.
The property dataset was obtained through written permission from the Ottawa Real Estate Board (REB) (Ottawa Real Estate Board 2010) . Housing sales data were collected from specific neighborhoods within the study area, defined as those neighborhoods located within approximately four kilometers of the O-Train route. All sales were recorded for the calendar years 2006 to 2009, coinciding with census data collection and during a period well into the operational phase of the O-Train. Of the more than 80,000 properties populating the study area, the sold properties were examined (n=3735), which were then plotted as individual points on a map using the address mapping feature of ArcMap (Statistics Canada 2006a . Some duplicate data were present, owing to the fact that a number of properties had been sold more than once. For these properties, the simple mean selling price was calculated and the most recent selling date for that property was recorded. Along with property values, a number of specific residential attributes were also obtained from the Ottawa REB dataset. This included information on the style (apartment, single-detached, townhouse, etc.) and type (bungalow, two-story, split-level) 4 of single-family dwellings under study and specific features such as number of garages, fireplaces, and so forth that may reasonably affect housing prices.
An annotated list of all variables generated from the data referenced above is presented in Table 1 . A map of the Ottawa O-Train network is presented in Figure 1 , and study points (properties) analyzed as part of this study are presented in Figure 2 . 
Results and Analysis
Using the variables determined in accordance with the process described above, three regression models were generated as part of this study. The initial model is a hedonic ordinary least squares (OLS) analysis similar to what has been undertaken in most studies to date. The second, based upon the OLS findings but moving well beyond the extant literature, is a spatial model. Finally, geographically weighted regression (GWR) models were assessed to examine how relationships between key variables vary locally as opposed to the global relationship for the entire study area.
OLS Regression Model
The initial linear regression analysis was undertaken with a range of distinct independent variables for which a causal relationship with the dependent variable could be reasonably assumed (see Rogerson 2010) . The variables included in this analysis are as they appear in Table 1 . Following the initial multiple linear regression modeling, the set of independent variables was refined using the "backward selection" method to include only those ones that were significant (Rogerson 2010) . The following independent variables were thus included in the final model: TOTAL_LENG (walking distance to the O-Train stations), BEDRS_TOT (number of bedrooms in property), TYPEVALUE (type of property), STYLEVALUE (style of property), XGARAGES (number of garages on property), and FIREPLACE (number of fireplaces in property). Table 2 presents the summary characteristics of the multiple regression model, including a series of measures of fit such as the coefficient of determination R 2 , adjusted R 2 , the sum of the squared residuals, the residual variance, and the standard error estimate. Based on these results, it may be observed that the independent variables account for 45 percent of the total variability in the dependent variable. Table 3 presents the regression coefficients, standard errors, t-statistics, and associated probability values. The results suggest that all the independent variables are statistically significant. The variables are positively related to the dependent variable, with the exception of the proximity to the O-Train stations (that is, the TOTAL_LENG variable) which is negative, largely in keeping with the findings of previous studies. The results suggest that controlling for the other independent variables that affect pricing, such as styling, number of bedrooms, and inclusion of a fireplace, property values will nevertheless decrease by $5.33 for every 1 meter increase in the distance from the O-Train stations. This coefficient lies in the midrange of findings obtained from the other North American studies cited earlier (i.e., less than Bae et al. 2003; Chalermpong 2007; Duncan 2008; Hess and Almeida 2007; Landis et al. 1995; and greater than Al-Mosaind et al. 1993; Chen et al. 1998; Dueker and Bianco 1999) . Table 4 presents several diagnostics on spatial dependence of the residuals. The Moran's I value suggests strong positive autocorrelation, with all other tests significant at a high level. Collectively, these suggest that the residuals are not distributed randomly over the study area. Therefore, the model has violated the spatial dependence assumption. To increase the explanatory power of the regression models, a spatial autocorrelation component was consequently incorporated into the modeling framework using spatial regression models (see Anselin 2005) .
Spatial Regression Model
Spatial regression analysis, in the form of a spatial lag model, was undertaken on the data using the same variables selected in the linear relationship discussed previously. Table 5 indicates that using this model, the independent variables account for 64.8 percent of the variance in property value. This is a considerable improvement over the OLS model initially explored, as are the indicators in Table 6 . In this model, all the coefficients are significant at p < 0.000, including the spatial autoregressive coefficient (W_PRICE). The regression coefficient associated with the proximity to the O-Train station variable (TOTAL_LENG) is now lower than in the simple OLS model, indicating that controlling for all other variables, property values will drop by $2.61 for every 1m increase in distance from the O-Train station.
As a final step in this stage of the analysis, an ANOVA was conducted on the sigma square values from Tables 3 and 6. As Table 7 shows, the F value is 1.557, greater than the critical value of 1.00. This indicates that the spatial lag regression represents an improvement over the OLS model. At the same time, the spatial lag regression is still considered a semi-local model since it includes local relationships but presents only a global estimate (Fotheringham et al. 2002) . To examine the relationship between proximity to the O-Train stations and property values locally, a geographically weighted multiple regression (GWMR) model is required. 
GWMR Model
The GWMR model employed in this study allows for an examination of the variables at the local level. This effectively enables the results to be mapped, which, to date, has not been undertaken in the literature. Therefore, these maps will provide a salient indicator of which neighborhoods are the most or least affected by the presence of the O-Train stations.
In this analysis, results are presented using an "adaptive kernel"-defined by a set number of neighbors per study point as determined from the data. Table 8 presents the output of the optimal model. The first row indicates the number of "neighbors" per study point defining the kernel. This was set at 1000, the maximum number allowed using the ArcMap software. The value of the coefficient of determination, R 2 , for the adaptive model indicates that it explains about 60 percent of the variability in the property values overall. As expected, however, local variability in R 2 values is also present, as depicted in Figure 3 . Values range in fact from 0.396 to 0.650. In general, moreover, the model becomes a better fit as one progress further south in the city of Ottawa. The areas where the independent variables explain the least amount of the variation are in the northeast and northwest ranges of the study area.
This relationship is demonstrated in further detail in Figure 4 . Here, t-values are presented on the left and coefficients on the right. The t-value map indicates that the values to the east and west in near proximity to the O-Train in the north end of the line as well as in the mid-south are significant at the α = 0.05 level and greater (t > 1.96). The positive values indicate that as distance increases, property value increases. The coefficients indicate that this increase varies between $12.07 and $39.34 more per meter distant from the O-Train stations. The relationship is the reverse at a greater distance from the track in a broad band along the eastern border of the study area and in areas to the northeast. Here, the values are significant at the α = 0.05 level and greater (t < -1.96). This implies that as distance increases property values decrease. According to the coefficient map, properties will cost between $12.06 and $42.99 less per meter away as one moves away from the O-Train stations.
In all other areas-particularly to the far south as well as the mid-north and northwest in close proximity to the O-Train-the relationship is insignificant (-1.95 < t < 1.95) and the coefficients (c) are the smallest (-9.15 < c < 9.16 ). These, then, are areas where the presence of O-Train stations is least likely to affect property values in either a positive or negative direction.
The improvement of the GWMR model over the OLS model can be tested with an ANOVA. As Table 9 reveals, an ANOVA run on the sigma square values from Tables 2 and 8 yielded an F value of 1.286. Since F > 1.00, the adaptive GWMR model can be considered an improvement to the OLS model. The ANOVA can similarly test if the GWMR model is an improvement over the spatial lag model. Table 10 shows the ANOVA calculated for the F value to be 0.826 for the sigma square values shown in Tables 5 and 8 . Therefore, the value F < 1.00 suggests that the adaptive GWMR is not an improvement to the spatial lag model. 
Conclusions
The vast majority of previous studies examining proximity to URT stations and property value employed an OLS approach, while very few studies considered a spatial model. In addition, they tended uniformly to report global relationships. None effectively used more advanced techniques such as geographically weighted multiple regression (GWMR) to examine the relationship between the residential property values and proximity to URT stations at the local level. In addition, very few studies displayed their results as maps.
Given those limitations of previous studies, the aim of this research was to provide a comprehensive analysis of the relationship between the property values and proximity to URT stations using a variety of regression models and GIS tools.
This study established that the results of the hedonic OLS model used here (and by implication, other OLS models employed previously in the literature) were insufficient for drawing conclusions about the relationship between proximity to O-Train stations and property values in Ottawa. This insufficiency was due to the problem of spatial autocorrelation of the residuals from the regression model. To correct for this, further analysis determined that a spatial model would be a better tool for analyzing the relationship. However, while identifying the existence of likely spatial differences, the model was able to provide only a global analysis of the relationship between proximity to the O-Train stations and property values. Consequently, a GWMR model was applied to analyze more directly the relationship locally. The study demonstrated, in fact, that the spatial lag model was the "optimal" method for examining the relationship both locally and globally.
In terms of its overall findings, the study demonstrated that while not the most important factor in determining house prices, there is a statistically significant relationship between proximity to the O-Train stations and property values in the City of Ottawa. The results of the global regression analyses also indicated-in keeping with a large number of studies within the extant literature-that the relationship is negative; that is, the property values tend to decrease with increasing distance from the O-Train stations.
More importantly, however, the study revealed that such elementary analysis effectively hides a more complex relationship between the two variables under study. Further analysis clearly demonstrated that this is a relationship that also varies spatially; that is, the strength and direction of the relationship is locationally dependent, with housing prices in some areas affected positively and in other areas negatively by distance from the O-Train stations. Specifically, many neighborhoods in closest proximity to the O-Train route saw a negative impact on housing prices, while many areas located further away experienced a significant increase. This, in turn, tends to support the finding of a small minority of studies to date that have been drawn to similar conclusions, albeit with less sophisticated tools (see, for example, Landis et al. 1995; Nelson 1992; Munoz-Raskin 2010) .
There are several explanations potentially accounting for this result. One possible factor-mentioned frequently in the literature-relates to noise pollution and potentially bus and car traffic associated with the operation of the O-Train line. It may simply be that housing in proximity to the line is less desirable as homeowners seek the refuge of quieter streets located further away from the line. An associated concern may be related to the history and potential future of the O-Train service. Before 2001, the O-Train line was used for freight trains. In fact, the track is still considered a freight line since the Canadian Pacific Railway maintains ownership (Transport Canada 2008). Therefore, property values may remain depressed in proximity to the O-Train line due to the possibility of a failure of the O-Train venture and a perceived eventual return to freight train travel through the corridor. Properties of the surrounding area affecting affluence and or desirability of neighborhoods may also have an influence, such as distance from industrial parks, the CBD, parks, malls, and airports. Examination of all of these myriad influences remains, however, beyond the scope of this study. Further research may help to clarify the precise nature of these relationship variables and their correlation with the two primary variables.
Based upon this study, however, one outcome is clear-controlling for the myriad of factors that help determine property values, proximity to URT stations does have an impact on pricing, but one that varies depending on residential location. Along with its contribution to knowledge in this field, at very least, then, such information may be relevant and beneficial to future urban development in Ottawa and other regions where urban rail transit already exists or is planned. For urban planners, the study suggests the following cautions:
1. Depending upon the neighborhood, location of URT stations may not positively affect property values and, thus, not be uniformly welcomed by local homeowners (or local-level political representatives). 2. Desirability of residing close to URTs and, thus, volume of usage of transit systems may not be uniform throughout the system. 3. Zoning in proximity to URT stations needs to take into account local features as well as factors associated with access to transit to take full advantage of land rents.
